A series of experiments were conducted to determine the effectiveness of rapid desiccation with dry heat at one or two points in the slaughter process to reduce bacterial contamination on beef carcass surfaces. In the first set of experiments, several combinations of desiccation and water washes were examined. , none of the organisms were detected. To minimize surface discoloration, an additional set of experiments were conducted using less heat (300°C) for shorter times. When desiccation (300°C) was conducted for 10, 12, or 15 s prior to fecal contamination and followed by a water wash (D 10,12,15 300°C IW), it was demonstrated that none of the treatments were significantly different from the others for reducing APC from shortplates; however, the 10 s treatment was preferred for its shorter time. When desiccation for 10 s was combined with water washing and a second desiccation step (300°C) for 15, 20, or 25 s (D 10 300°C IWD 15,20,25 300°C ), populations of APC, coliforms, and E. coli were reduced to the greatest extent when the second desiccation step was applied for 25 s. This study is the first to report that water washing in combination with rapid desiccation with dry heat at one or two points in the slaughter process is more effective than water washing alone for reducing bacterial contamination on beef surfaces.
Introduction

United States Department of
The application of heat is not an original or Agriculture, *Corresponding author.
and Smith 1989 , Patterson 1970 . Other bull slaughterhouse. Shortplates were removed from carcasses between the fifth and recent studies have demonstrated that the application of a steam vacuum in conjunction the thirteenth rib and about 25 cm from the vertebrae to within 10 cm of the midline. The with warm/hot water washes effectively reduced populations of APC, coliforms, Esch-cutaneous trunci muscle covered the surfaces of the shortplates. Individual shortplates erichia coli, and pathogens (Dorsa et al. 1996a (Dorsa et al. , 1996b (Dorsa et al. , 1997 . Additional studies also were placed in plastic bags, stored in insulated carriers to prevent rapid cooling, and have demonstrated the effectiveness of a steam pasteurization process for reducing transported to the Roman L. Hruska US Meat Animal Research Center (MARC) and bacterial populations on beef surfaces (Nutsch et al. 1997 , Phebus et al. 1997 . used within 2 h of slaughter (Dorsa et al. 1996a ). Based on this information, moist heat interventions, such as hot water or steam, or a On each day of an experiment, feces were obtained from three cows fed a corn-silage combination, are currently being used by some sectors of the meat industry to improve ration. One hundred grams of each feces sample were obtained and mixed together with the microbiological profile of animal carcasses (USDA, FSIS).
either 100 ml of sterile distilled water (Experiments 2, 5 and 6) or in physiological When fecal contamination does occur on carcass surfaces and moist heat interventions saline containing select bacterial organisms (Experiments 3 and 4). are employed, there is a possibility that some bacteria may not be affected. Specifically, reAreas to be sampled on each shortplate were marked with edible ink using a sterile, administration of moist heat may cause the collagen mat present on the tissue surface to cotton-tipped swab and a sterile stainlesssteel, 25 cm 2 template before inoculation with expand and possibly impede the penetration of heat to the bacteria (Dorsa et al. 1996b) . bovine feces. Shortplates were inoculated with the feces by paint-brush inoculation on The authors speculated that the application of a nonhydrating intervention, administered pre-marked areas and left undisturbed for 15 min (Experiments 2, 3, 4, 5, 6; Dorsa et al. before the utilization of moist heat, may improve the subsequent intervention's ability 1996a). Samples that were desiccated prior to inoculation, were marked as above within 1 to reduce bacterial populations (Dorsa et al. 1996b) . min of desiccation. All samples used in this study were obtained by excising the preIn this study, the use of rapid desiccation with heat, before inoculation, immediately marked 25 cm 2 area from the cutaneous trunci of the shortplates using sterile scalpels after water washes, or at both points in the slaughter process, is presented as an alterna-and forceps. Sample excision involved cutting all way through the muscle to the underlying tive to moist heat. This process has the potential to be rapid and operational in an indus-tissues (c. 0·5 cm thick). trial setting which, when combined with water washing, could reduce APC, coliforms, Desiccation procedures E. coli, and pathogenic bacteria from beef carcass surfaces more effectively than water Surface desiccation was performed using a Universal propane, forced-air heater (Model # washing alone.
3500-FACV; Scheu Products, Co., Rancho Cucamonga, CA, USA.). A single desiccation procedure was performed by positioning the
Materials and Methods
heater either 15 cm from the shortplate surface for 15 s to achieve a temperature of c.
Beef shortplates, bovine feces, and Moisture content was determined by drying the excised 25 cm 2 areas in a 105°C± treatments in which two desiccation treatments were employed, the second desiccation 5°C oven, 24 h (Wang et al. 1996) . The following calculation was used to determine treatment was applied immediately after the water wash. The heater was positioned either the percent (%) moisture content of the individual samples: 15 cm from the shortplate for 30 s to achieve an air temperature of c. 400°C±5°C (D  400°C ; Weight of sample before drying-weight of Experiments 1, 2, 3 and 4) or positioned 20 cm from the shortplate for 15, 20, or 25 s to sample after drying/weight of sample before drying=% moisture content obtain an air temperature of c. 300°C±5°C (D 15,20,25 300°C ; Experiments 6 and 7). The surface temperatures of the shortplates were determined immediately after the second des-Experiment 2 One 25 cm 2 area was marked iccation procedure with a hand-held infrared with edible ink on each shortplate prior to non-contact thermometer (Omega). inoculation with feces as described above. ). Immediately cultures were diluted in sterile physiological saline before inoculating into fresh bovine after any treatment, two 25 cm 2 areas were excised; one for bacterial enumeration, the feces to obtain pathogen populations of c. 10 4 CFU/g and APC of 10 7 CFU/g. other for moisture content analysis. The remaining area was left for moisture content One 25 cm 2 area was marked with edible ink on each shortplate, prior to inoculation analysis after 24 h, 5°C. Samples were with feces containing the organisms of marked on each shortplate as described previously. The following treatments were interest, as described in Experiment 1. Individual treatments were applied to applied to separate shortplates: untreated and inoculated (UI , lation of C. sporogenes; and Brilliant Green Sulfite agar (BGS, Difco) containing 250 while <1 log 10 CFU/cm 2 was detected with the other treatments. Conversely, populations of µg/ml of nalidixic acid for isolation of S. typhimurium. The lowest level of detection of coliforms and E. coli were reduced to undetectable levels regardless of the treatment APC or pathogen was 1·30 log 10 CFU/cm 2 using spiral plating procedures; samples that applied.
The moisture content of samples taken were spread plated in quadruplicate were used to detect total number of CFU/cm 2 . from treated shortplates was determined ( Visual observation of the shortplate sur-Experiment 2 face immediately after the various treat-Any combination of desiccation and washing ments indicated that the initial desiccation reduced populations of APC, coliforms, and E. step resulted in discoloration of the meat sur-coli associated with fecal contamination betfaces; however, after 24 h of refrigerated stor-ter than IW samples ( 
Discussion
desiccation on the carcass surface at two points in slaughter process (before contamination and after water washing) could serve In this study, it has been demonstrated that using rapid desiccation with dry heat before two functions. First, desiccation before inoculation appears to dehydrate the carcass surinoculation and after water washing (Experiment 2) was more effective than face and possibly shrinking the connective tissue components on the carcass surface. water washing for the immediate reduction of bacterial populations on beef surfaces. Both Shrinkage and possible dehydration may affect how bacteria attach to the carcass surdesiccation steps, together with water washes, afford the greatest reductions of bac-face and ultimately, their removal during water washes. Second, desiccation after teria observed in these studies. The use of water washing produces a moist heat intervention since water found on the carcass sur- 
